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tion at least within a part, a transmitter unit to transmit the
image-forming data to the liquid discharge head, a receiver
unit to receive the image-forming data, an image-forming
data storage unit to store the image-forming data, an error
detecting unit to detect a transmission error in the image-
forming data, and a controller unit to manipulate the trans-
mitter unit, the liquid discharge head, and the conveying
system. The image-forming data with the transmission error
detected therein for forming dots in pixel areas in liquid
discharged from the nozzles, which are arranged in one of the
rows closer to an upstream position with reference to the
conveying direction, is transmitted preferentially.
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1
IMAGE FORMING APPARATUS AND
COMPUTER READABLE MEDIUM
THEREFOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Applications No. 2010-294043, filed on Dec. 28, 2010, the
entire subject matter of which is incorporated herein by ref-
erence.

BACKGROUND

1. Technical Field

An aspect of the present invention relates to an image
forming apparatus, specifically to an image forming appara-
tus, which is capable of discharging liquid to form an image
on a recording medium according to print data.

2. Related Art

An image forming apparatus to form an image on a record-
ing medium (e.g., a sheet of paper) in colored liquid (e.g., ink)
by driving a liquid discharge head (e.g., an inkjet head)
according to print data is known. The print data may be
created in the image forming apparatus based on image data,
and the image data representing the image to be formed may
be inputted in the image forming apparatus from an external
device. Therefore, the image forming apparatus may have a
data-creating function module to create the print data and a
data transmitter means in the data-function function module.
Further, the image forming apparatus may have a function
module to control the liquid squiring head and a data receiver
means in the head-controlling function module. The print
data created in the data-creating function module is divided
into a plurality of line data, each of which represents a line
composing the image, and transmitted from the transmitter to
the receiver in the head-controlling function module on basis
of the line data. Thus, the liquid discharge head is driven to
discharge the liquid onto specific pixel areas in the sheet at
specific timings according to the transmitted print data. In so
doing, the image as represented by the image data is formed
on the sheet. In this regard, a printable area in the sheet are
partitioned along a direction of conveying the sheet and along
a direction orthogonal to the sheet conveying direction and
defined as pixel areas.

When the print data received in the head-controlling func-
tion module contains errors and/or data loss, the liquid may
not be discharged properly in corresponding pixel areas as
intended in the image data, and the formed image based on the
deficient print data may appear incomplete. In other words,
image-forming quality of the image forming apparatus may
be degraded. Meanwhile, a method to detect errors and data
loss caused in data transmission is known. According to the
method, when an error or data loss is detected in data received
in a receiver unit, the receiver unit may request a transmitter
unit to retry transmission of the same data.

The method may be applied to the image forming appara-
tus in order to detect data transmission errors in print data
received in the receiver unit in the head-controlling function
module, and when an error is detected, the receiver unit may
request the transmitter unit to retry transmission of the same
print data. In this configuration, it is expected that deteriora-
tion of the image forming quality may be prevented.

SUMMARY

When the data transmission method is applied to the print
data transmission in the above-mentioned image forming
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apparatus, it is assumed that data transmission, error detec-
tion, and retry transmission are conducted serially on the line
data basis. That is, when an error is detected in a piece of line
data having been received, retry transmission of the same line
data needs to be completed before next data transmission for
anext piece of line data starts. Therefore, when the transmis-
sion error is detected, a substantial length of interval for the
retry transmission is required in between preceding and sub-
sequent line data transmissions. When the interval is longer, a
speed for printing the image is lowered eventually.

In view of the above difficulties, the present invention is
advantageous in that an image forming apparatus, in which a
time period between print data transmission and completion
of image forming can be shortened and the image can be
formed in shorter time, is provided.

According to an aspect of the present invention, an image
forming apparatus to form an image on a recording medium is
provided. The image forming apparatus comprises a conveyer
system configured to convey the recording medium in a con-
veying direction, a liquid discharge head which has a plurality
of'nozzles configured to discharge the liquid onto a plurality
of pixel areas to form dots according to image-forming data,
the plurality of pixel areas being defined on the recording
medium to coincide with resolutions of the image to be
formed along the conveying direction and a direction
orthogonal to the conveying direction, the plurality of nozzles
being arranged in rows, which are spaced apart from one
another and laid out in parallel with the orthogonal direction,
in different positions from one another with reference to the
conveying direction at least within a part, a transmitter unit
configured to transmit the image-forming data for forming
the dots in the plurality of pixel areas arranged in same coor-
dinate positions on the recording medium with reference to
the conveying direction to the liquid discharge head, a
receiver unit provided in the liquid discharge head and con-
figured to receive the image-forming data from the transmit-
ter unit, an image-forming data storage unit configured to
store the image-forming data received by the receiver unit, an
error detecting unit configured to detect a transmission error
in the image-forming data received by the receiver unit, and a
controller configured to manipulate the transmitter unit to
transmit the image-forming data piece by piece to the receiver
unit within a transmission cycle from start of transmission of
a piece of image-forming data until start of a next piece of
image-forming data, the transmission cycle including a pre-
determined period, in which at least a piece of image-forming
data with a transmission error detected therein by the error
detecting unit can be transmitted to the receiver unit, and to
manipulate the transmitter unit to transmit the image-forming
data with the transmission error detected therein for forming
the dots in the pixel areas in the liquid discharged from the
nozzles, which are arranged in one of the rows closer to an
upstream position with reference to the conveying direction
amongst the plurality of nozzles, preferentially to the receiver
unit in the predetermined period. The controller unit manipu-
lates the liquid discharge head and the conveying system to
form the image in dots on the recording medium according to
the image-forming data stored in the image-forming data
storage unit and the image-forming data received by the
receiver unit within the predetermined period.

According to another aspect of the present invention, a
non-transitory computer readable medium to store computer
readable instructions is provided. The computer readable
instructions cause an image forming apparatus, which com-
prises a conveyer system to convey the recording medium in
aconveying direction, a liquid discharge head with a plurality
of nozzles arranged in rows extending along a direction
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orthogonal to the conveying direction, and a controller, to
form an image on a recording medium by executing steps of
transmitting image-forming data for forming dots in a plural-
ity of pixel areas arranged in same coordinate positions on the
recording medium with reference to the conveying direction
to the liquid discharge head piece by piece within a transmis-
sion cycle, which is from start of transmission of a piece of
image-forming data until start of a next piece of image-form-
ing data, the transmission cycle including a predetermined
period, in which at least a piece of image-forming data with a
transmission error having been detected therein can be trans-
mitted, receiving the transmitted image-forming data in the
liquid discharge head, storing the received image-forming
data in a storage device, examining the received image-form-
ing data to detect a transmission error, transmitting, in the
predetermined period, the image-forming data with the trans-
mission error having been detected therein for forming the
dots in the pixel areas in the liquid discharge from nozzles in
one of the rows closer to an upstream position with reference
to the conveying direction amongst the plurality of nozzles,
preferentially to the liquid discharge head, and manipulating
the liquid discharge head and the conveying system to form
the image in dots on the recording medium according to the
image-forming data stored in the image-forming data storage
unit and the image-forming data received by the receiver unit
within the predetermined period.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIG. 1 is a perspective partial view of components in an
inkjet printer according to a first embodiment of the present
invention.

FIG. 2 is a cross-sectional side view of a part of an inkjet
head in the inkjet printer according to the first embodiment of
the present invention.

FIG. 3 is a diagram to illustrate relationships amongst
nozzles in a nozzle surface of the inkjet head, a data structure
of print data, and positions of pixel areas on a recording
medium in the inkjet printer according to the first embodi-
ment of the present invention.

FIG. 4 is a block diagram to illustrate a configuration of a
controller device in the inkjet printer according to the first
embodiment of the present invention.

FIG. 5 is a flowchart to illustrate a flow of retransmission in
the inkjet printer 1 according to the first embodiment of the
present invention.

FIG. 6 is a block diagram to illustrate a configuration of a
controller device in the inkjet printer according to a second
embodiment of the present invention.

FIG. 7 is a flowchart to illustrate a flow of retransmission
and complementation in the inkjet printer 1 according to the
second embodiment of the present invention.

FIG. 8 is a diagram to illustrate relationships amongst
nozzles in a nozzle surface of the inkjet head, a data structure
of print data, and positions of pixel areas on a recording
medium in the inkjet printer according to the second embodi-
ment of the present invention.

FIG. 9 is a diagram to illustrate relationships amongst
nozzles in a nozzle surface of the inkjet head, a data structure
of print data, and positions of pixel areas on a recording
medium in the inkjet printer according to another example of
the present invention.

FIG. 10 is a block diagram to illustrate a configuration of a
controller device in the inkjet printer according to another
example of the present invention.
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4
DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings. In
the following description, identical or similar components
throughout the embodiments and drawings are referred to by
same reference sings. Further, in a latter embodiment,
description of the similar components having been mentioned
in a previous embodiment will be omitted.

First Embodiment

An inkjet printer 1 (see FIG. 1) being an image forming
apparatus according to the present embodiment includes a
conveyer system 2 and an inkjet head 3. The conveyer system
2 includes a plurality of pairs of rollers and a motor (not
shown) to rotate the rollers. As the rollers in a roller pair
rotate, a sheet P being a recording medium is conveyed in a
sheet path between the rollers along a horizontal conveying
direction X. The sheet P is conveyed in the sheet path with its
lengthwise edge aligned in parallel with the conveying direc-
tion X and its widthwise edge shifting in parallel with an
orthogonal direction Y. The orthogonal directionY is a direc-
tion horizontal and orthogonal to the conveying direction X.
Further, in the sheet path, the sheet P is conveyed with its
recordable surface facing upward. On the recordable surface
of'the sheet P, a plurality of pixel areas A are defined in a grid
along the directions X andY to coincide with resolutions ofan
image to be formed.

The inkjet head 3 includes a head 10, which is arranged to
lie along the orthogonal direction Y. In the inkjet printer 1
being a line printer, at least when the sheet P is conveyed in the
sheet path by the conveyer system 2, a width of the inkjet head
3 along the orthogonal direction Y is greater than a width of
the sheet P. The head 10 has a nozzle surface 10a, in which a
plurality of ink-discharging nozzles 20 (see FIG. 2) are
formed. The nozzle surface 10q is arranged in a horizontal
posture to downwardly face the sheet P being conveyed in the
direction of X.

As shown in FIG. 2, the head 10 of the inkjet head 3
includes a fluid channel unit 11 in a lower section and an
actuator unit 12 attached on top of the fluid channel unit 11.
The fluid channel unit 11 includes a plurality of laminated
metal plates, and a downward surface of a lowermost metal
plate in the fluid channel unit 11 is formed to serve as the
nozzle surface 10a. In the fluid channel unit 11, manifold
channels 13, which are in fluid communication with an ink
source (not shown), apertures 14, and ink paths 16 with pres-
sure chambers 15 are formed, although solely one of each is
shown in FIG. 2. The ink paths 16 are formed in one-to-one
correspondence with the nozzles 20, and each of the ink paths
16 connects the corresponding nozzle 20 to one of the mani-
fold channels 13. The actuator unit 12 is equipped with a
plurality of actuators (not shown), each of which can be
independently activated and inactivated. The actuators are
arranged in one-to-one correspondence with the pressure
chambers 15 and therefore with the nozzles 20. The actuators
may be, for example, piezoelectric or bimorph-typed actua-
tors. Other than those, for example, the actuators may be
thermally deformable actuators or any other actuators, which
can apply liquid-discharging force to the ink.

The plurality of nozzles 20 are formed and arranged to
correspond to pixel areas A (see FIG. 3), which are arranged
to align in a row along the orthogonal direction Y. In FIG. 3,
the correspondence between some of the nozzles 20 and some
of'the pixel areas A is indicated by arrows. A quantity of the
nozzles 20 is equivalent to a quantity of the pixel areas A in the
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row aligned along the orthogonal direction Y, whilst the quan-
tity of the pixel areas in the row can be determined by a
maximum allowable width of the sheet P in the inkjet printer
1. In FIG. 3, the arrangement and quantity of the nozzles 20
are simplified and reduced for illustration; however, it is to be
noted that the quantities of the nozzles and the pixel areas are
greater in practical use, and the nozzles and the pixel areas can
be in more dense arrangement than the illustration.

In the nozzle surface 10a, the nozzles 20 are arranged in
different X-coordinate positions from one another, at least
within a part (i.e., within a group of four nozzles 20), with
reference to the conveying direction X. If the nozzles 20 were
arranged in a single row in a same X-coordinate position with
reference to the conveying direction X whilst Y-coordinate
positions with reference to the orthogonal direction Y are
maintained, the nozzles 20 in the row would be arranged to be
evenly spaced apart from one another along the orthogonal
directionY. In this regard, the space between the nozzles 20 is
equivalent to an inverse number of the resolution of the pixel
areas A along the orthogonal directionY (i.e., 1/N).

In the present embodiment, the nozzles 20 are arranged in
four (4) rows, which lie in parallel with the orthogonal direc-
tionY. The rows of nozzles 20 are laid out to extend perpen-
dicularly to the conveying direction X to be evenly spaced
apart from one another. A distance M between two adjoining
nozzle rows is greater than a size of a pixel area A along the
conveying direction X (i.e., an inverse number of the resolu-
tion of the pixel areas A along the conveying direction X). In
the following description, amongst the rows of nozzles 20, the
nozzle row at a most upstream side with reference to the
conveying direction X may be referred to as a first nozzle row.
Further, the nozzle row at a second, third, and fourth from the
upstream may be referred to as a second, third, and fourth
nozzle row respectively. When a line of image is formed, ink
droplets are discharged from the nozzles 20 in the first, sec-
ond, third, and fourth nozzle rows sequentially in the order
described. Therefore, when the fourth discharge from the
nozzles 20 in the fourth nozzle row is finished, the line of
image is completed.

Behaviors of the conveyer system 2 and the inkjet head 3
controlled by a controller device 4 (see FIG. 4) will be
described below. Whilst the controller device 4 manipulates
the conveyer system 2 to carry the sheet P in the position
below the nozzle surface 10q, the inkjet head 3 is driven to
discharge droplets of ink downwardly. The discharged ink
droplets adhere to form dots in the pixel areas A defined on the
recordable surface of the sheet P to form the image. In this
regard, the dots are formed in the pixel areas A in upper-
stream X-positions with reference to the conveying direction
X earlier, and in the pixel areas A in lower-stream X-positions
with reference to the conveying direction X, the dots are
formed later. In the inkjet printer 1 according to the present
embodiment, the nozzles 20 are arranged, at least within the
smaller group, in the different X-positions (i.e., in different
nozzle rows) from one another with reference to the convey-
ing direction X; therefore, even when all of the nozzles 20 in
the nozzle surface 10a discharge ink droplets at the same
time, the ink droplets do not fall on the pixel areas A arranged
in the same X-positions simultaneously.

The controller device 4 includes a central processing unit
(CPU) 40a, anon-volatile random access memory (NVRAM)
405, and a random access memory (RAM) 40c¢, which are
connected with one another and with each of components in
the controller device 4 described below (conductive lines to
indicate the connection are omitted in FIG. 4). The CPU 40a
executes arithmetic operations, and the NVRAM 405 is a
non-volatile rewritable memory to store controlling programs
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and instructions to be executed by the CPU 40q and data to be
used in the controlling programs. The controlling programs
may originally be stored in a memory medium (e.g., magnetic
storage medium, CD-ROM, and memory card) and installed
in the NVRAM 405. Alternatively, the controlling programs
stored in a memory medium may be directly activated in the
controller device 4 without being installed in the NVRAM
405. The RAM 40c¢ temporarily stores data to be used in the
controlling programs when the programs are active. Thus, the
components in the controller device 40, including the hard-
ware and the software programs stored in the NVRAM 405,
work in cooperation with one another to achieve functionality
of'the inkjet printer 1.

The controller device 4 further includes an input unit 41, a
data creating unit 42, a data storage unit 43, a transmission
controller 44, a transmission unit 45, areceiver unit 46, a print
data storage unit 47, an error detecting unit 48, a head con-
troller 49, and a conveyer controller 50.

The input unit 41 is connected with an external personal
computer (PC) 6, a scanner 7 included in the inkjet printer 1,
aremovable memory medium 8, which is removably attached
to the inkjet printer 1, and an operation panel 9 of the inkjet
printer 1. Image data, which represents the image to be
formed by the inkjet printer 1, is inputted in the controller
device 4 via the input unit 41. When the image data is input-
ted, auser’s instruction to print the image is entered via the PC
6 or the operation panel 9. The image data inputted in the
controller device 4 may be stored in the data storage unit 43.
The image data may be, for example, in a known color format
such as CMYK-format or RGB-format.

The data creating unit 42 creates print data, by which the
inkjet head 3 is driven to form the image, based on the image
data inputted in the controller device 4. For example, the data
creating unit 42 may modify inputted 256-scaled image data
and create multiple-valued dot data by processing the image
data in random dithering. The created print data may repre-
sent a value of each pixel area A in scale of four, which
indicates a size of a dot to be applied to the pixel area A
(hereinafter, a “four-scaled value”). The size of the dot to be
applied to the pixel area A may include zero (no dot), a small
dot, a medium-sized dot, and a large dot.

Print data 60 (see FIG. 3) created in the data creating unit
42 is transmitted from the transmitter unit 45 to the receiver
unit46. In so doing, the print data 60 is divided into a plurality
of pieces of line data 62, each of which represents a row of
pixel areas A arranged in line on the recordable surface of the
sheet P along the orthogonal direction Y. A quantity of pieces
of line data 62 is equivalent to a quantity of pixel areas A
arranged in a column along the conveying direction X.

Each piece of line data 62 includes a plurality of pieces of
frame data 64. A piece of frame data 64 includes information
concerning some of the pixel areas A arranged along the
orthogonal direction Y in a row. More specifically, the frame
data 64 includes a plurality of pixel identifications 66, each of
which identifies one of the some pixel areas A, and a plurality
of four-scaled values 67, each of which is associated with the
one of the pixel identifications 66, and an error identification
68, which is used to detect a transmission error in the frame
data 64.

The some of the pixel areas A, of which information is
included in the same piece of frame data 64, are pixel areas A
to be formed in the ink discharged from the nozzles 20 aligned
in a same nozzle row in same X-positions with reference to
the conveying direction X in the nozzle surface 10a. There-
fore, the pixel areas A identified by the pixel identifications 66
in the same frame data 64 are arranged in the same X-posi-
tions with reference to the conveying direction X. The data
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creating unit 42 may modify arrangement of the data when
creating the frame data 64 as described above. Further, the
data creating unit 42 may include positional codes 69 to
identify positions of the nozzles 20, which discharge the ink
to form dots in the some pixel areas A, in the nozzle surface
10a with reference to the conveying direction X. Thus, by
referring to the positional codes 69, the frame data 64 to be
retransmitted may be easily extracted. Retransmission of the
frame data 64 will be described later in detail.

Referring back to FIG. 4, the transmitter unit 45 transmits
the print data 60 created in the data creating unit 42 to the
receiver unit 46. The transmitter unit 45 and the receiver unit
46 are connected with each other via a predetermined com-
munication interface, and when the print data 60 is transmit-
ted from the transmitter unit 45 to the receiver unit 46, trans-
mission failure such as data loss and an error may occur
during the communication. The receiver unit 46 is provided in
the inkjet head 3 and is electrically connected with the inkjet
head 3 without any communication interface intervening in
there-between. In this regard, the receiver unit 46 may not
necessarily be arranged inside a housing (not shown) of the
inkjet head 3 but may be arranged outside the housing orin a
separated position from the inkjet head 3 as long as the
receiver unit 46 can communicate with the inkjet head 3
without any intervening communication interface.

The transmission controller 44 controls the transmission of
print data 60 from the transmitter unit 45 to the receiver unit
46. In particular, the transmission controller 44 manipulates
the transmitter unit 45 to transmit the divided print data 60
(i.e.,the line data 62) piece-by-piece at a predetermined trans-
mission cycle T (see FIG. 5). In so doing, the transmission
controller 44 manipulates the transmitter unit 45 to transmit a
piece of line data 62, which is for forming pixel areas A in a
lower-stream side with reference to the conveying direction
X, earlier than a line data 62 for pixel areas A to be formed in
an upper-stream side. Further, the transmission controller 44
manipulates the transmitter unit 45 to transmit the plurality of
pieces of frame data 64 in the line data 62 piece-by-piece.

The receiver unit 46 receives the print data 60 from the
transmitter unit 45. The received print data 60 is stored in the
print data storage unit 47. When the frame data 64 is received,
the error detecting unit 48 refers to the error identification 68
in the frame data 64 to detect a transmission error on basis of
a piece of frame data 64. A method to detect a transmission
error by the error detecting unit 48 may not necessarily be
limited. For example, transmission failure may be detected
with reference to the error identification 68 or by a known
error detecting method such as parity check.

When transmission failure is detected in the frame data 64
by the error detecting unit 48, the transmission controller 44
manipulates the transmitter unit 45 to hold or resend the failed
frame data 64. In so doing, the frame data 64 is retransmitted
within a predetermined length of retransmission period T2
(see FIG. 5), which is between completion of receipt of a
piece of line data 62 at the receiver unit 46 and start of
transmission of a next piece of line data 62 at the transmitter
unit 45.

The head controller 49 manipulates the inkjet head 3 to
discharge a predetermined amount of ink in droplets or not
discharge any ink onto the pixel areas A based on the four-
scaled data 67 in the print data 60, which is stored in the print
data storage unit 47. The conveyer controller 50 manipulates
the conveyer system 2 to convey the sheet P in a predeter-
mined conveying speed in order to have the ink droplets on the
corresponding pixel areas A.

Transmission of the print data 60 will be described with
reference to FI1G. 5. In S1, the transmitter unit 45 starts trans-
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mitting a piece of line data 62. In S2, the receiver unit 62
completes receiving of the line data 62. In S3, the received
line data 62 is stored in the print data storage unit 47. In the
following description, a time period between start of trans-
mission of the line data 62 at the transmitter unit 45 and
completion of receiving the line data 62 at the receive unit 46
will be referred to as “required transmission period T1.”

In S4, the error detecting unit 48 examines the frame data
62 for an error. When an error is detected, in S5, the trans-
mission controller 44 judges as to whether all the pieces of
frame data 62, in which errors were detected in past transmis-
sions, and which have not been retransmitted, are transmit-
table within a retransmission period T2. The frame data 62, in
which the errors were detected, and which have not yet been
retransmitted, will be referred to as non-retransmitted data.
The retransmission period T2 is equivalent to a difference
obtained by subtracting the required transmission period T1
from a length of the transmission cycle T. In S5, therefore, the
transmission controller 44 judges as to whether a substantial
length of time to retransmit all the pieces of non-retransmitted
data remains.

In S5, if the non-retransmitted data is transmittable within
the retransmission period T2 (S5: YES), in S6, the transmis-
sion controller 44 manipulates the transmitter unit 45 to
retransmit all the pieces of non-transmitted data to the
receiver unit 46. In S7, the receiver unit 46 stores the received
data being the frame data 64 in the print data storage unit 47.
In S8, the transmission controller 44 determines as to whether
all the pieces of line data 62 in the print data 60 have been
transmitted to the receiver unit 46. If one or more pieces of
line data 62 remains unsent (S8: YES), the flow returns to S1,
the transmitter unit 45 starts transmitting a next piece of line
data 62. If no more piece of line data 62 remains (S8: NO),
transmission of the print data 60 is finished.

According to the present embodiment, in order to reduce a
quantity of the pieces of line data 62 to be stored in the print
data storage unit 47, when a piece of line data 62 is received,
the inkjet head 3 is controlled to discharge the ink from the
nozzles 20, which are arranged in the nozzle surface 10q in
the most upstream X-position with reference to the conveying
direction X (i.e., the first nozzle row in FIG. 3), to consume
the line data 62 within a shorter time period. Thus, the trans-
mission controller 44, the head controller 49, and the con-
veyer controller 50 manipulates the transmitter unit 45, and
the inkjet head 3, and the conveyer system 2 respectively in
cooperation with one another to discharge the ink. Therefore,
based on the cooperation, for example, when a print instruc-
tion is entered, transmitter unit 45 creates the print data 60,
and the conveyer system 2 conveys the sheet P simulta-
neously. Further, a first piece of line data 62 is transmitted at
a specific timing in order for the receiver unit 46 to receive the
line data 62 immediately before the pixel areas A at the most
downstream position reach the position below the inkjet head
3.

In S5, if the non-retransmitted data is not transmittable
within the retransmission period T2 (S5: NO), in S9, the
transmission controller extracts non-retransmitted data to be
preferentially retransmitted to the receiver unit 46 from the
line data 62 and examines as to whether all the extracted
pieces of non-retransmitted data are transmittable within the
retransmission period T2.

A method to determine priority of the data to be retrans-
mitted will be described below. Firstly, a conveying speed V
(inch/sec.) of the sheet P is determined. The conveying speed
V is obtained by dividing a length of a pixel area A along the
conveying direction X (i.e., an inverse number of the resolu-
tion N (dpi) of the pixel areas A along the conveying direction
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X) by the transmission period T (sec.) for a piece of line data
62 (V=1/N*1/T). Secondly, it is to be noted that the distance
M (inch) between the two adjoining nozzle rows is greater
than the inverse number of the resolution N of the pixel area
A (i.e., the length of the pixel area A) along the conveying
direction (i.e., M>1/N). Further, within the row of pixel areas
A aligned in line along the orthogonal direction Y, when ink
droplets are discharged onto two adjoining pixel areas A, time
difference G (sec.) between a time point, at which an ink
droplet is discharged onto one ofthe pixel areas A from one of
the nozzles 20 in one of the nozzle rows (e.g., the first nozzle
row), and a time point, at which an ink droplet is discharged
onto the other of the two pixel areas A from one of the nozzles
20 in an adjoining nozzle row (e.g., the second nozzle row), is
obtained by the distance M divided by the conveying speed V
(G=M/V=M*N*T), ie., by multiplying the transmission
cycle T by the resolution N and by the distance M. Therefore,
when the ink droplets were to be discharged from the first
nozzle row immediately after completion of receiving an
entire piece of line data 62, the ink droplets would be dis-
charged from the second nozzle row at least after a time
period, which is required for transmitting the line data 62 for
M*N times, had passed. (In the following description, a sign
“K” will represent the multiplication “M*N.”) Further, from
the third nozzle row, the ink droplets would be discharged at
least after a time period, which is required for transmitting the
line data 62 for 2*K times, had passed.

In this regard, the transmission controller 44 extracts the
frame data 64 representing the pixel areas A to be formed in
the ink discharged from the nozzles 20 in the first nozzle row
amongst the other frame data 64 included in the same line data
62 having been transmitted to the receiver unit 46 most
recently. Meanwhile, the frame data 64 representing the pixel
areas A to be formed in the ink discharged from the nozzles 20
in the second nozzle row may be retransmitted within a
period, in which pieces of line data 62 are transmitted for K
times. Therefore, if a transmission error is detected in the
frame data 64 representing the pixel areas A to be formed by
the nozzles 20 in the second nozzle row, the frame data 64 is
allowed to be retransmitted at least in the chances of K times
before the inkjet head 3 is urged to be supplied with the frame
data 64 for discharging the ink droplets onto the correspond-
ing pixel areas A. According the present embodiment, when
the resolution N is 600 dpi, and the distance M is 0.1 inch, a
quantity K of the chances is 60. In the present example,
therefore, 60 times of chances are reserved for retransmission
of the frame data 64 for the pixels A corresponding to the
second nozzle row.

Even with the chances of retransmission as many as K
times, although it is highly unlikely to occur in consideration
of probability of transmission errors, if the frame data 64 was
a part of the line data 62, which was transmitted in the trans-
mission of K-times before, that is, if the frame data 64 failed
in all of the retransmission chances of K times, ink droplets
will not be discharged unless the frame data 64 is retransmit-
ted immediately. In this regard, retransmission of the frame
data 64 cannot be carried over further to a next retransmission
chance. Thus, the transmission controller 44 extracts the
frame data 62 having been failed in retransmission for K
times is the data to be preferentially retransmitted. Further,
priority of the frame data 64 for the pixel areas A to be formed
by the nozzles 20 in the third and fourth nozzle rows, in
addition to the second nozzle row, is similarly determined in
consideration of the distances M*2 and M*3 from the first
nozzle row respectively.

According to the present embodiment, thus, retransmis-
sion of non-retransmitted data, which is required to be
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received in the receiver unit 46 in shorter time, is attempted
preferentially. Between two pieces of frame data 64 included
in same line data 60, that is, between two pieces of frame data
64 representing the pixel areas A aligned in same X-positions
with reference to the conveying direction X, the frame data 64
representing the pixel areas A to be formed by the nozzles 20
in a nozzle row in an upper-stream position along the convey-
ing direction X is retransmitted earlier. Meanwhile, between
two pieces of frame data 64 representing the pixel areas A to
be formed by a same nozzle 20, the frame data 64 included in
the line data having been transmitted earlier, that is, the frame
data 64 representing the pixel area A in a lower-stream posi-
tion along the conveying direction X, is retransmitted earlier.
Based on these two criteria, the priority of frame data 64 to be
retransmitted is determined.

Referring back to FIG. 5, in S9, if the transmission con-
troller determines that all the pieces of extracted non-retrans-
mitted data are transmittable within the retransmission period
T2 (89: YES), in S10, the transmission controller 44 retrans-
mits all the pieces of extracted non-retransmitted data to the
receiver unit 46. Further, the transmission controller 44
manipulates the transmitter unit 45 to transmit the non-re-
transmitted data, which are left unsent from preceding
retransmission chances. In so doing, the transmission control-
ler 44 attempts to retransmit the carried-over non-retransmit-
ted data as many pieces as possible within the retransmission
period T2. The again carried-over non-transmitted data,
which is still not transmitted within the retransmission period
T2, is left to be retransmitted in a next chance. In S7, the
retransmitted data is stored in the print data storage unit 47.
The flow proceeds to S8. If one or more pieces of line data 62
remains unsent (S8: YES), the flow returns to S1, the trans-
mitter unit 45 starts transmitting a next piece of line data 62.
If no more piece of line data 62 remains (S8: NO), transmis-
sion of the print data 60 is finished.

In S9, if the transmission controller 44 determines that not
all the pieces of extracted non-retransmitted data are trans-
mittable within the retransmission period T2 (89: NO), in
S11, the head controller 49 manipulates the inkjet head 3 to
stop. Further, the conveyer controller 50 manipulates the con-
veyer system 2 to stop. Thus, printing is suspended.

According to the above-described flow, when an error
occurs during transmission of the frame data 64, the frame
data 64 for the pixel areas A, which are to be formed by the
nozzles 20 arranged in the upper-stream X positions with
reference to the conveying direction X, is retransmitted pref-
erentially. Meanwhile, the frame data 64 for the pixel areas A,
which may not necessarily be retransmitted immediately but
may be carried over, may be retransmitted in later chances. In
this regard, the retransmission period T2 may be shorter than
a time period, in which an entire piece of line data 62 can be
retransmitted. Therefore, the retransmission period T2 may
be as short as a period, in which the line data 62 can be
partially retransmitted. Thus, the transmission cycle T can be
shortened, and the conveying speed V of the sheet P can be
higher. In other word, the inkjet printer 1 with improved
printing speed can be provided.

More specifically, the retransmission period T2 may be as
short as a period, in which the print data 60 for the pixel areas
A to be formed by the nozzles 20 arranged in the most
upstream X-positions with reference to the conveying direc-
tion X is retransmitted. In the present example, in which each
of the plurality of (e.g., four) nozzle rows includes a same
quantity of nozzles 20 (see FIG. 3), the retransmission period
T2 may be shortened for a period, which is obtained by
multiplication of the inverse number of a quantity (e.g., 4) of
the nozzle rows. Thus, the transmission cycle T can be sus-
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tained to be shortest, whilst retransmission of all the pieces of
frame data 64 for the pixel areas to be formed by the nozzles
20 in the first nozzle row can be completed within the retrans-
mission period T2, even if errors occur in each piece of the
frame data 64. It is to be noted that the retransmission period
T2 canbe setto be even shorter in consideration of probability
of error occurrence in data transmission.

According to the above-described flow, if the non-retrans-
mitted data to be retransmitted preferentially is not transmit-
table within the retransmission period T2, printing is sus-
pended; therefore, an incomplete image can be prevented
from being printed.

In the above-described flow, the length of the retransmis-
sion period T2 is assumed to be consistent. However, the
retransmission period T2 may be variable. For example, two
different lengths of retransmission period T2 may be alter-
nately reserved.

Further, data transmission of a next piece of line data 62
after completion of retransmitting the non-retransmitted data
may not necessarily wait until the retransmission period T2
elapses but may be resumed as soon as retransmission of the
non-retransmitted data is completed, even before the retrans-
mission period T2 elapses, and remaining of the retransmis-
sion period T2 may be omitted. In so doing, a length of the
omitted period may be reserved, and in a next and succeeding
data transmission, if not all the non-retransmitted data is
transmittable within the retransmission period T2, the
reserved length of the omitted period may be partially or
entirely added to the retransmission period T2 in order to
retransmit the non-retransmitted data within the extended
retransmission period T2. Thus, when a quantity of the non-
retransmitted data is smaller, transmission of the next piece of
line data 62 may be resumed earlier. Meanwhile, when a
quantity of the non-retransmitted data is greater, transmission
of'the next piece of line data 62 may be delayed within a range
corresponding to the omitted length of the retransmission
period T2 in the past retransmission.

In the above-described embodiment, the frame data 64
representing the pixel areas A to be formed by the nozzles 20,
which are arranged in the most upstream X-positions with
reference to the conveying direction X, preferentially. How-
ever, the frame data 64 for the pixel areas A to be formed by
the nozzles 20, which are arranged in vicinities of the most
upstream X-positions with reference to the conveying direc-
tion X, may be transmitted preferentially, in addition to the
nozzles 20 arranged in the most upstream positions, over the
frame data 64 for the pixel areas A to be formed by the nozzles
20 arranged in a lower-stream X-positions.

Second Embodiment

A second embodiment of the present invention will be
described with reference to FIGS. 6-8. A controller device
104 according to the second embodiment is configured simi-
larly to the controller device 4 in the first embodiment but is
different from the controller device 4 in having a complement
unit 51. In the first embodiment, when the transmission con-
troller 44 determines that not all the pieces of extracted non-
retransmitted data are transmittable within the retransmission
period T2, printing is suspended (see S9 and S11 in FIG. 5).
Meanwhile, in the second embodiment, when the transmis-
sion controller 44 determines that not all the pieces of
extracted non-retransmitted data are transmittable within the
retransmission period T2 (S9: NO), in S21 (see FIG. 7), the
non-retransmitted data, which is to be preferentially transmit-
ted, is transmitted as much as possible within the retransmis-
sion period T2. Further, the four-scaled value 67 representing
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the pixel area A described in the carried-over non-retransmit-
ted data, which was not transmitted before the retransmission
period T2 elapses, is complemented based on the four-scaled
value 67 for two neighboring pixel areas A. In the comple-
mentation, the four-scaled values 67 of the two neighboring
pixel areas A, each of which adjoins the pixel area A described
in the failed frame data 64, are compared. If the two four-
scaled values 67 are identical, a four-scaled value 67 for the
erred pixel area A described in the failed frame data 64 is set
to be the value identical to the four-scaled values 67 of the two
neighboring pixel areas A. When the four-scaled values 67 of
the two neighboring pixel areas A are different by one, a
four-scale value 67 for the erred pixel area A is set to be
identical to the four-scale value 67 of one of the two neigh-
boring pixel areas A. When the four-scaled values 67 of the
two neighboring pixel areas A are different by two or more, a
four-scale value 67 for the erred pixel area A is set to be an
intermediate value between the two four-scaled values 67 of
the two neighboring pixel areas A. Thus, the four-scaled value
67 for the erred pixel area A is complemented, and the
complemented four-scaled value 67 is stored in the print data
storage unit 47. The head controller 49 manipulates the inkjet
head 3 to discharge a predetermined amount of ink or not
discharge any ink onto the pixel areas A based on the comple-
mented four-scaled data 67 in the print data 60, which is
stored in the print data storage unit 47. Thus, even when the
non-retransmitted data is not preferentially transmittable, the
failed frame data 64 can be complemented. Therefore, the
printing operation can be prevented from being suspended
whilst the retransmission period T2 can be shortened.

A process for the complementation will be described with
reference to FIG. 8. In FIG. 8, similarly to FIG. 3, quantities
and arrangements of the nozzles 20 and the pixel areas A are
reduced and simplified for illustration. In FIG. 8, twelve (12)
pieces of first through twelfth frame data 64A-64L are illus-
trated. The first through third frame data 64A-64C describes
the pixel areas A to be formed by the nozzles 20 in the first
nozzle row, the fourth through sixth frame data 64D-64F
describes the pixel areas A to be formed by the nozzles 20 in
the second nozzle row, the seventh through ninth frame data
64G-641 describes the pixel areas A to be formed by the
nozzles 20 in the third nozzle row, and the tenth through
twelfth frame data 64J-641 describes the pixel areas A to be
formed by the nozzles 20 in the fourth nozzle row. The first
frame data 64A includes four-scaled values 67 for the pixel
areas A, which are arranged in the first, fifth, ninth, and
thirteenth positions from the left on the sheet P. The twelfth
frame data 64L includes four-scaled values 67 for the pixel
areas A, which are arranged in the 36th, 40th, 44th, and 48th
positions from the left on the sheet P.

In the second embodiment, the retransmission period T2 is
set to be as short as a length, in which two pieces of frame data
64 can be transmitted. Further, it is assumed that transmission
errors are detected in the first, second, third, fifth, and sixth
frame data 64A, 64B, 64C, 64E, and 64F, and no transmission
error is detected in the remaining of the frame data 64D,
64G-64L. Furthermore, it is assumed that no non-retransmit-
ted data to be retransmitted has been carried over. In this
example, amongst three pieces of frame data 64 (the first
through third frame data 64A-64C) to be preferentially trans-
mitted for the first nozzle row, two pieces can be transmitted,
and a four-scaled value for the one to be left unsent is comple-
mented. Meanwhile, retransmission of the fifth and sixth
frame data 64E, 64F for the third and fourth nozzle rows is
carried over for a next or later retransmission chance. In this
regard, at least one of the four pixel areas A described in the
first frame data 64A is in a neighboring position along the
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orthogonal direction X with respect to one of the four pixel
areas A described in the fourth frame data 64D and the four
pixel areas A described in the tenth frame data 64J. Similarly,
at least one of the four pixel areas A described in the second
frame data 64B is in a neighboring position along the orthogo-
nal direction X with respect to one of the four pixel areas A
described in the fifth frame data 64E and the four pixel areas
A described in the tenth frame data 64]. Further, at least one
of'the four pixel areas A described in the third frame data 64C
is in a neighboring position along the orthogonal direction X
with respect to one of the four pixel areas A described in the
sixth frame data 64F and the four pixel areas A described in
the eleventh frame data 64K. Meanwhile, the complement
unit 51 complements the four-scaled values 67 for the pixel
areas A described to the frame data, which is to be carried
over, based on the four-scale values 67 of the neighboring
pixel areas A.

In this regard, retransmission of the fifth and sixth frame
data 64A, 64F is carried over until a next or later retransmis-
sion chance. In other words, the four-scaled values 67 for the
neighboring pixel areas A, on which the complement four-
scaled values 67 for the second and third frame data 64B, 64C
are based, will not be available until the next or later retrans-
mission chance comes. Therefore, the transmission controller
44 determines to retransmit the second and third frame data
64B, 64C and leave the first frame data 64A unsent. Accord-
ingly, the complement unit 51 complements the four-scale
value 67 for the pixel area A described in the first frame data
64 A based on the four-scaled values 67 for the pixel areas A
described in the fourth and tenth frame data 64D, 64] stored
in the print data storage unit 47. Thus, the failed frame data
can be complemented whilst the improved printing speed can
be maintained, and the printing operation is continued with-
out being suspended. When, however, the frame data 64 to be
preferentially retransmitted is constrained to be carried over,
and the complement unit 51 is incapable of complementing
due to lack of the information concerning the neighboring
pixel areas A, the printing operation may be suspended.

More Examples

A variation of the embodiments will be described with
reference to FIG. 9. In the present example, print data 160
includes pieces of frame data 164, each of which indicates
four-scaled values 67 of the pixel areas A to be formed by the
nozzles 20 in the first and second nozzle rows, and pieces of
frame data 164, each of which indicates four-scaled values 67
of'the pixel areas A to be formed by the nozzles 20 in the third
and fourth nozzle rows. Thus, the frame data 164 may not
necessarily indicate four-scaled values 67 of the pixel areas A
to be formed by the nozzles 20 in the nozzle row, which align
along the orthogonal direction X.

For another example (not shown), the print data may not
necessarily include a plurality of pieces of frame data, each of
which describes a plurality of pixel areas A but may include a
plurality of frame data, each of which describes a single pixel
area A. In this configuration, each piece of frame data may
include an error identification. In this regard, data rearrange-
ment after dot data creation may not be required.

For another example, another variation of the embodi-
ments will be described with reference to FIG. 10. A control-
ler device 204 includes a first controller 31 and a second
controller 32 with respective CPUs. The first controller 31 is
equipped with an input unit 41, in which the image data from
the external device (e.g., the PC 6) and the print instruction
via the operation panel 9 are inputted. The first controller 31
is further equipped with the data creation unit 42, the data
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storage unit 43, the transmission controller 44, and the trans-
mitter unit 45. Meanwhile, the second controller 32 is
equipped with the head controller 49, the receiver unit 46, the
print data storage unit 47, the error detection unit 48, the
conveyer controller 50, and the complement unit 51. In the
controller device 204, it is preferable that the second control-
ler 32 having the receiver unit 46 and the error detection unit
47 is equipped with a retransmission request unit 52, which
requests the transmission controller 44 to retransmit the failed
frame data 64 when a transmission error is detected by the
error detection unit 47.

Although examples of carrying out the invention have been
described, those skilled in the art will appreciate that there are
numerous variations and permutations of the image forming
apparatus that fall within the spirit and scope of the invention
as set forth in the appended claims. It is to be understood that
the subject matter defined in the appended claims is not nec-
essarily limited to the specific features or act described above.
Rather, the specific features and acts described above are
disclosed as example forms of implementing the claims.

For example, a quantity of the inkjet head 3 in the inkjet
printer 1 is not limited to one but may be two or more. For
another example, the inkjet head 3 may be replaced with a
liquid discharge head, which discharges, for example, a pro-
cess agent to process a colorant.

What is claimed is:

1. An image forming apparatus to form an image on a

recording medium, comprising:
a conveyer system configured to convey the recording
medium in a conveying direction:
a liquid discharge head which has a plurality of nozzles
configured to discharge the liquid onto a plurality of
pixel areas to form dots according to line data, the plu-
rality of pixel areas being defined on the recording
medium to coincide with resolutions of the image to be
formed along the conveying direction and a direction
orthogonal to the conveying direction, the plurality of
nozzles being arranged in rows, which are spaced apart
from one another and laid out in parallel with the
orthogonal direction, in different positions from one
another with reference to the conveying direction at least
within a part;
a transmitter unit configured to transmit the line data for
forming the dots in the plurality of pixel areas arranged
in same coordinate positions on the recording medium
with reference to the conveying direction to the liquid
discharge head;
a receiver unit provided in the liquid discharge head and
configured to receive the line data from the transmitter
unit;
a line data storage unit configured to store the line data
received by the receiver unit;
an error detecting unit configured to detect a transmission
error in the line data received by the receiver unit; and
a controller configured
to manipulate the transmitter unit to transmit the line
data piece by piece to the receiver unit within a trans-
mission cycle from start of transmission of a line data
until start of a next line data, the transmission cycle
including a predetermined period shorter than a
period needed to transmit one line data to the receiver
unit,

to extract the part of the line data with the transmission
error detected therein for forming the dots in the pixel
areas in the liquid discharged from the nozzles
arranged in one of the rows closer to an upstream
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position with reference to the conveying direction
amongst the plurality of nozzles, and
to manipulate the transmitter unit to transmit the
extracted part of the line data with the transmission
error to the receiver unit in the predetermined period;
and
wherein the controller manipulates the liquid discharge
head and the conveying system to form the image in dots
on the recording medium according to the line data
stored in the line data storage unit and the part of the line
data received by the receiver unit within the predeter-
mined period.
2. The image forming apparatus according to claim 1,
wherein remaining of the line data with the transmission
errors, which is other than the line data with the transmission
error detected therein and having been transmitted within the
predetermined period, is attempted to be transmitted in a
succeeding predetermined period, which is reserved in a suc-
ceeding transmission cycle, to be received by the receiver unit
before the liquid discharge head is urged to be supplied with
the remaining of the line data in order to discharge the liquid
according to the remaining of the line data.
3. The image forming apparatus according to claim 2,
wherein the controller stops forming the image on the record-
ing medium when the remaining of the line data fails to be
received by the receiver unit by the time the liquid discharge
head isurged to be supplied with the remaining of the line data
in order to discharge the liquid according to the remaining of
the line data.
4. The image forming apparatus according to claim 1,
further comprising:
acomplement unit configured to complement remaining of
the line data with the transmission errors, which is other
than the line data with the transmission error detected
therein and having been transmitted within the predeter-
mined period, when the remaining of the line data fails to
be transmitted within the predetermined period,

wherein the complement unit complements the failed line
data with reference to the line data for forming dots in
neighboring pixel areas, which adjoin the pixel area for
a dot to be formed according to the failed line data along
the orthogonal direction.

5. The image forming apparatus according to claim 4,
wherein the controller manipulates the transmitter unit to
avoid carrying over the line data for forming the dots in the
neighboring pixel areas to remain unsent when the transmitter
unit transmits the line data with the transmission error
detected therein and having been transmitted within the pre-
determined period.

6. The image forming apparatus according to claim 1,
wherein the predetermined period ranges from completion of
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receipt of a line data for forming dots in a plurality of pixel
areas arranged in the same coordinate positions with refer-
ence to the conveying direction to start of transmission of
another line data for forming dots in a plurality of pixel areas
arranged in the same coordinate positions with reference to
the conveying direction.
7. The image forming apparatus according to claim 1,
wherein the line data for forming the dots in the plurality of
pixel areas arranged in same coordinate positions with
reference to the conveying direction includes a plurality
of pieces of frame data, each of which includes an iden-
tification for detecting the transmission error; and

wherein the error detecting unit detects the transmission
error in the frame data with the identification based on
the included identification.
8. A non-transitory computer readable medium to store
computer readable instructions to cause an image forming
apparatus, which comprises a conveyer system to convey the
recording medium in a conveying direction, a liquid dis-
charge head with a plurality of nozzles arranged in rows
extending along a direction orthogonal to the conveying
direction, and a controller, to form an image on a recording
medium by executing steps of:
transmitting line data for forming dots in a plurality of pixel
areas arranged in same coordinate positions on the
recording medium with reference to the conveying
direction to the liquid discharge head piece by piece
within a transmission cycle, which is from start of trans-
mission of a line data until start of a next line data, the
transmission cycle including a predetermined period
shorter than a period needed to transmit one line data;

receiving the transmitted line data in a receiver unit pro-
vided in the liquid discharge head;

storing the received line data in a storage device;

examining the received line data to detect a transmission

error;

extracting the part of the line data with the transmission

error having been detected therein for forming the dots
in the pixel areas in the liquid discharge from nozzles in
one of the rows closer to an upstream position with
reference to the conveying direction amongst the plural-
ity of nozzles,

transmitting the extracted part of the line data with the

transmission error to the receiver unit in the predeter-
mined period; and

manipulating the liquid discharge head and the conveying

system to form the image in dots on the recording
medium according to the line data stored in the storage
device and the line data received by the receiver unit
within the predetermined period.
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